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(54) Transport of a tower of a wind turbine

(57) The present invention concerns a method of
transporting a tower (31, 111) of a wind turbine (100) in
an upright position to an assembly site of the wind turbine
(100), whereby the tower (31, 111) is equipped with a
strake set (103) comprising a number of strakes (101)
positioned to lead from a top (T) of the tower (31, 111)
in the upright position down towards a bottom (B) of the
tower (31, 111), at least one of the strakes (101) being
realized as a detachable strake (101). The invention also
concerns a strake set (103).
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Description

[0001] The present invention concerns a method of
transporting a tower of a wind turbine in an upright posi-
tion to an assembly site of the wind turbine. It also con-
cerns a strake set of a tower of a wind turbine for transport
in an upright position to an assembly site of the wind
turbine.
[0002] Wind turbines comprise a tower and a nacelle
placed on top of that tower, whereby the nacelle is
equipped with a rotor which rotates due to the impact of
wind. In the nacelle, the rotational movement of the rotor
is used to generate electric power.
[0003] Large wind turbine towers often comprise a
number of tower segments, e. g. made of steel, which
when assembled together form the complete wind turbine
tower. The assembly of large wind turbine towers - in
particular under offshore conditions, but also onshore -
consumes a lot of time, effort, and financial resources.
[0004] Thereby, lifting (or raising, which is used as a
synonyme for lifting throughout this description, as well
as "raising device" is used as a synonym for "lifting de-
vice") the tower in segments or as a whole to the assem-
bly site, i.e. to a foundation on which the tower is to rest
to be later equipped with the nacelle and the rotor, poses
several problems. Firstly, the tower (or segments thereof)
has to be firmly held by a suitable raising device. One
such raising device is described in the European patent
EP 2 402 278 B1. Secondly, the tower is subject to enor-
mous vibrations induced by the wind coming from its side.
Such side winds may have high velocities - as can be
expected especially in areas in which wind turbines are
operated.
[0005] The above-indicated vibrations are commonly
called vortex induced vibrations (VIV) which can be the
result of alternating vortex shedding around the tower in
strong wind conditions. This shedding results in alternat-
ing pressure differences over the wind turbine tower’s
cross-section perpendicular to the wind direction. In case
the shedding frequency is close to the natural frequency
of the wind turbine tower, alternating shedding is regular
and the amplitude is large enough compared to the struc-
tural damping of the tower, VIV can occur which could
cause damage to the wind turbine tower or reduce its
fatigue life.
[0006] VIV have been known for a long time and sev-
eral measures have been found of how to reduce this
vibrations on readily installed tubular structures such as
high chimney stacks. An overview over such measures
is given in Blevins, R.D.: "Flow-Induced Vibration". Mal-
abar 2001 2nd edition, in particular in Chapter 3.6 (pp.
77ff.). One approach is to dampen the structure by in-
creasing a weight on its top. Other approaches refer to
streamline the cross-section of the structure by measures
on its outer surface. An overview over these measures
is given on page 78. Amongst these streamlining meas-
ures, a prominent one is that of the use of so-called helical
strakes. The use of such strakes was first published by

US patent 3,076,533 assigned to Scruton et al.
[0007] The use of such measures on wind turbine tow-
ers however basically forbids itself because they do not
only affect the tower, but indirectly the behaviour of the
wind turbine itself: they influence the behaviour of the
rotor blades, which means they reduce the effectivity of
the wind turbine, i.e. the power output of electric power
at a given wind speed.
[0008] It is thus the object of the present invention to
provide a solution of how to reduce VIV during transport
of a wind turbine tower whilst maintaining the power out-
put of such wind turbine in an operational state.
[0009] This object is met by the method according to
claim 1 and by the strake set according to claim 4.
[0010] According to the invention, the above-men-
tioned method comprises a step of equipping the tower
with a strake set comprising a number of strakes posi-
tioned to lead from a top of the tower in the upright position
down towards a bottom of the tower, at least one of the
strakes (preferably all strakes of the strake set) being
realized as a detachable strake.
[0011] A tower in the context of this invention may com-
prise a complete wind turbine tower from bottom to top,
whereby the bottom can be connected to a tower foun-
dation whereas the top serves as an interface to the na-
celle. This definition is preferred in the context of the in-
vention as the assembly of a tower in one piece at an
assembly site implies a lot of savings in time of effort,
time and financial expenditure (in particular because a
high-rise crane or other lifting device only needs to be
employed for a considerably shorter timespan than dur-
ing an assembly of several segments which are placed
one on top of the other). However, a "tower" may also be
defined in the context of the invention to comprise a tower
segment, i.e. a (tubular) part of a complete tower.
[0012] As for the definition of "upright position" this re-
fers to the position (i.e. orientation) of the tower in which
it is essentially in the designated operating orientation on
the assembly site. Thereby, its longitudinal extension is
in an essentially vertical orientation.
[0013] According to the invention, non-stationary
strakes are used instead of such strakes which are fixedly
connected to (i.e. installed as a part of) the wind turbine
tower. Such detachable strakes therefore comprise at
least one (preferably two) releasable connection inter-
face(s) to the wind turbine tower. Such (first) releasable
connection will first be connected to the top of the tower
(or essentially in that region, which may imply an attach-
ment at the inside of a top part of the tower, an attachment
right on the top end of the tower and/or an attachment at
the outer surface of the tower slightly (i.e. up to 5 metres)
below the top end of the tower. A second releasable con-
nection can - which is preferred - be connected, i.e. at-
tached to a lower part of the tower, most preferred es-
sentially at the bottom of the tower. Such attachment es-
sentially at the bottom of the tower is preferably an at-
tachment at the outer surface of the tower so that the
strake is not in the way of the connection of the bottom
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of the tower to a foundation (or in case of a tower section
to a lower tower section).
[0014] For transport, the strakes of the strake set are
connected to the tower in such way that they do not fall
off the tower during transport. After transport, they can
be taken off the tower again to give it its desired (essen-
tially round) cross-sectional shape.
[0015] The use of detachable strakes rather than sta-
tionary ones has a number of advantages a selection of
which will be given below:

Firstly, the detachable strakes can be connected and
disconnected to the tower so that they can be reused
on a next tower. Detachable strakes are thus reus-
able strakes. This saves material and expenditure,
as the strakes are only needed for transport and not
for the operational state of the wind turbine (vibration
damping is then for instance caused by the weight
of the nacelle).

Secondly, the strakes can thus be exclusively used
in those conditions in which they are needed, namely
for transport.

Thirdly, the strakes can be taken off before the wind
turbine starts to operate. This means that the major
drawback of strakes, namely their negative impact
on the power output of the wind turbine, can be com-
pletely eliminated.

[0016] As outlined by Scruton et al. (the teachings of
which are incorporated in this description) the position
and pitch of the strakes (i.e. their helicity) can be adjusted
according to the needs of both the tower and of the am-
bient environment, i.e. for instance in dependence of the
eigenfrequency of the tower and/or its diameter and/or
on the wind speed.
[0017] The invention also concerns a strake set of a
tower of a wind turbine for transport in an upright position
to an assembly site of the wind turbine, the strake set
comprising a number, preferably a plurality of strakes,
whereby at least one of the strakes (again, preferably all
of the strakes) is (are) realized as (a) detachable
strake(s). That means that the use of such strake set
makes possible the transport method according to the
invention.
[0018] Therefore, the invention also concerns the use
of a strake set according to the invention for equipping a
tower of a wind turbine for transport in an upright position
to an assembly site of the wind turbine.
[0019] Further, the invention concerns a wind turbine
tower equipped with a strake set according to the inven-
tion.
[0020] The invention also concerns a transport assem-
bly for transporting a tower of a wind turbine in an upright
position to an assembly site of the wind turbine compris-
ing a mechanical raising device realized to be connected
to the top of the tower with reference to the upright posi-

tion and a strake set according to the invention. One such
possible mechanical raising device has been mentioned
above, another solution will be explained below in more
detail. The transport assembly thus comprises the raising
device and the strake set according to the invention.
Thereby, during the transport of the wind turbine tower,
both the raising device and the strake set are connected
to the wind turbine tower, possibly also directly intercon-
nected. That means that the strakes of the strake set,
instead of being directly connected to the tower (i.e. the
top of the tower) can also be indirectly connected to the
top of the tower via the raising device to which they are
connected.
[0021] Particularly advantageous embodiments and
features of the invention are given by the dependent
claims, as revealed in the following description. Features
of different claim categories may be combined as appro-
priate to give further embodiments not described herein.
[0022] Generally, the expression "strake set" also in-
cludes a strake set comprising exactly one detachable
strake. It is preferred that the number of (detachable)
strakes of the strake set is at least two, preferably three.
Thereby, it may be noted that two strakes have a suffi-
cient effect in those cases in which the wind direction
during transport is known so that they can be aligned
along the tower such that they face the wind in an effective
way. Three is the most preferred number of (detachable)
strakes as this makes the wind turbine tower and the
method according to the invention independent of the
wind direction while at the same time an increase of the
number of (detachable) strakes has no extra positive ef-
fect in terms of reduction of VIV.
[0023] It is further preferred that the strakes of the
strake set (which thus comprises a plurality of (detacha-
ble) strakes) are aligned along the circumference of the
tower (in particular with reference to their connection
point at the top of the tower) at essentially equal angles.
Such equidistant distribution leads to an essentially equal
distribution of forces onto the tower on the side at which
the wind is directed, no matter where this side may be
(i.e. also under changing wind directions.
[0024] It is further preferred as suggested by Scruton
et al. that the strake set is aligned along a longitudinal
extension from the top of the tower down towards its bot-
tom describing a spiral or helix. The pitch of such spiral
or helix is preferably about five times the diameter of the
wind turbine tower at its top end. Variations of +/- 50%
of that pitch are however included in that pitch limitation.
The pitch is normally adjusted when winding the strakes
about the outer surface of the wind turbine tower and by
fixing the lower end of the strakes to fixing points of the
wind turbine tower. It may however also be varied along
the overall longitudinal extension of the wind turbine tow-
er, for instance by fixing the strakes locally at fixing points
along that logitudinal extension and then varying the pitch
at lengths from fixing point to fixing point.
[0025] According to a particularly preferred embodi-
ment, the detachable strake comprises a rope. The ex-
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pression "rope" thereby also refers to chains or the like,
i.e. generally to thin suspension means with a longitudinal
extension substantially larger than its cross extension.
Such is the case if the longitudinal extension is at least
a hundred times larger than its cross extension. Prefer-
ably, the rope is essentially round (i.e. circular or elliptic)
in its cross-section. Further, it is preferred that the rope
is a flexible rope, i.e. one which can be bent (and re-bent)
along its longitudinal extension, preferably also stretched
to extend the longitudinal extension. When suspended
at one end, the rope hangs down loose with its other end.
[0026] The strake set according to the invention pref-
erably comprises a rope which is covered at least along
a substantial part of its longitudinal extension with a cov-
ering structure which is realized to substantially increase
the wind resistance of the detachable strake.
[0027] Such covering structure can have several ad-
vantages over a strake which exclusively comprises a
rope. Firstly, the covering protects the wind turbine tower
from the rope, in particular from material damages
caused by frictions between the rope and the wind turbine
tower. Thus, scratches and other damages which may
for instance be caused by a rope realized as a chain can
be completely avoided at least all along the extension of
the rope which is covered by the covering structure. Sec-
ondly, the covering structure increases the wind resist-
ance of the strake. This makes such strake by far more
effective than a strake which is solely comprised of a
rope. A much greater part of the wind can be led away
from the tower by means of such covering structure. In
this context, it is preferred that the strakes (due to their
covering structure) project from the outer surface of the
wind turbine tower by about at least 5%, preferably at
least 10%, most preferred at least 15% of the diameter
of the tower.
[0028] In this context, it is particularly preferred that
the rope is covered with the covering structure along at
least a quarter, preferably at least a third of a longitudinal
extension of the tower beginning essentially at the top of
the tower extending down towards its bottom. The wind
speeds and thus also the VIV are strongest in the upper
region of the tower, in particular in offshore conditions.
Therefore, positioning the wind-catching covering struc-
ture in that top region is particularly effective. The inven-
tors have found out that in fact it is not absolutely neces-
sary to have such wind-catching covering structure in the
middle and/or the lower third of the extension of the wind
turbine tower. Thus, material and expenditure can be
saved by equipping the strake only at its uppermost quar-
ter or third with the covering structure.
[0029] Further, it is preferred that the covering struc-
ture has a cross-sectional shape with reference to the
longitudinal extension of the strake which shape com-
prises a geometrical figure with at least three angles,
preferably exactly three angles. Such triangular shape
or a shape with more than three angles means that the
covering structure has a cross-sectional shape with edg-
es (realized by the angles) which leads away the wind in

a particularly effective way. One side of the covering
structure (between two of the above-named angles) can
loosely rest on the outer surface of the wind turbine tower
so that the rope does not get into direct contact with that
surface. At the same time, the at least two other sides
can catch the wind from either directions (i.e. the front or
the back)
[0030] As for the triangular shape, this is particularly
preferred as it effectively prevents the (loose) strake from
rolling over its edges as these edges are sharp edges.
And even if such rolling over happens under very severe
wind conditions, the triangular shape will normally end
such rolling movement after one or two such occasions.
Then the strake will rest comfortably on any one of its
other sides.
[0031] It is preferred in that context that the geometrical
shape comprises a number of planes interconnecting the
angles, which planes preferably have essentially the
same extension in the cross-section. These planes thus
define the above-mentioned sides. If the planes have es-
sentially the same extension along the cross-section, the
strake is particularly easy to assemble along the wind
turbine tower as any arbitrary plane can be brought into
contact with the outer surface of the wind turbine tower:
no plane is smaller than any other so that their contact
surface with the wind turbine tower is always the same.
In other words, the extension of any of the planes defines
the contact surface with the wind turbine tower and thus
the friction between the strake and the wind turbine tower.
At the same time, it is also always guaranteed that the
strake projects away from the wind turbine tower at es-
sentially the same distance from the wind turbine tower
so that the wind-catching effect and thus the prevention
of VIV can be considered to be the same no matter on
which plane of the strake the contact surface to the wind
turbine tower is realized.
[0032] Preferably, the covering structure is assembled
about the rope over a mechanical reinforcement structure
which reinforcement structure is realized to establish the
geometrical shape. Such reinforcement structure may for
instance comprise a number of longitudinal rods parallel
to the principal extension of the rope. Such rods can be
distanced from one another and/or from the rope itself
by means of interconnecting distancing rods. Another
possibility (as an alternative or as an add-on to such a
rod structure) is that the covering structure is filled with
a filling material such as a foam, a solid filling material,
and/or a liquid filling.
[0033] It is particularly preferred that the covering
structure is realized to encompass the rope. Thus, the
covering structure protects the rope and the surface of
the tower simultaneously along all sides of the rope along
its cross-extension perpendicular to its longitudinal ex-
tension. The rope thus runs inside the covering structure
and is completely shielded by the latter from the environ-
ment in that particular cross-section.
[0034] As for the material of the covering structure, that
preferably comprises a flexible film material, preferably
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comprising polystyrene. Such flexible film material may
comprise an extrudated film, a woven flat structure as
well as a non-woven one. The film may be structured or
unstructured. It can be reinforced (for instance by fibres
or the like), but need not necessarily be. Polysterene has
proven particularly advantageous as it is flexible on the
one hand, but comparatively strong when it comes to
tearing.
[0035] As for the material of the rope, that preferably
comprises a fibre material, preferably comprising a ma-
terial of ultra high molecular weight polyethylene. Such
fibre ropes are again comparatively flexible (in particular
in comparison with metal chains). Ultra high molecular
weight polyethylene which can for instance be purchased
under the trademark name Dyneema from the Dutch
company Royal DSM N.V., has particularly advanta-
geous properties in particular referring to tearing strength
and flexibility.
[0036] As has been mentioned above that the invention
also concerns a transport assembly which, besides the
strake set according to the invention, comprises a me-
chanical raising device. One example of such raising de-
vice has been mentioned in the introduction. However,
it is preferred to use a particularly new raising device,
which has one major advantage over the prior art given
above: it can serve to hold a complete wind turbine tower,
not just segments thereof. Therefore, that preferred rais-
ing device will be described in more detail below:

Preferred embodiment of a raising device of the
transport assembly

[0037] Such embodiment refers to a raising device re-
alized to be connected to a tower of a wind turbine which
comprises a connection member to a raising machine
and a plurality of holding members positioned at prede-
fined distances from each other and orientated to be mov-
able in radial locking directions. These locking directions
are such that the holding members when moved into a
locking position at a predefined engagement position of
the tower engage with a counter-shape of the tower,
whereby the holding members are automatically tiltable
and/or shiftable into the locking position by a movement
mechanism.
[0038] In this context it may be noted that the connec-
tion of the raising device to the tower is carried out at the
top of such tower. Thus, if one considers the tower to be
essentially tubular or cylindrical in shape, the top of such
tower is that essentially round opening of the tower which
is to face upwards when assembled in an upright position
on the assembly site. This also implies that the tower can
be raised by means of the raising device in such upright
position, i.e. in the same orientation in which it is to be
assembled eventually at the assembly site.
[0039] A connection member may for instance com-
prise a hook or an eye which can engage with a corre-
sponding eye or hook from the raising machine. The rais-
ing machine may for instance be a crane with a wire to

which the connection member can be connected.
[0040] This embodiment of a raising device makes
raising of an entire tower possible because it can be built
stable enough to carry the complete weight of such com-
plete tower at one time. This would not be the case with
raising methods employing brackets and wires to connect
to a raising machine: several brackets would be neces-
sary to achieve an overall enough stability of the connec-
tion of the tower to the raising device during transport.
That also implies that several wires would be necessary
and that each one of these wires would have to be made
stable enough to carry the entire weight of the wind tur-
bine tower due to movements of the tower in the wind.
Thus, only the sufficiently stable device according to the
invention provides for a solution in which an entire wind
turbine tower can be raised as one piece.
[0041] The raising device comprises a plurality of hold-
ing members positioned at predefined distances from
each other. These predefined distances and thus corre-
sponding predefined positions of the holding members
correspond with the position of the counter-shape of the
tower to which the raising device is to be connected. That
implies that, unlike in the state of the art mentioned
above, the holding members are not positioned any-
where and can then be brought into a desired operating
position manually or by means of a motor. Instead, the
holding members are generally situated in that desired
operating position and need not be moved there. In this
context, an "operating position" means such position in
which the holding member can be connected to (or dis-
connected from) the counter-shape of the tower by a pre-
defined movement, namely a movement from an open
position into a locking position and reverse. Thereby, the
open position and the locking position of the holding
member are also clearly defined and each holding mem-
ber is mechanically limited in its movement so that it can
only move between those two positions (i.e. between the
open position and the locking position).
[0042] Corresponding to the open position and the
locking position of each of the holding members is its
locking direction and - reverse - its unlocking direction
(i.e. the counter direction of the locking direction). Both
the locking direction and unlocking direction are radial,
i.e. along a straight line from the centre point of the (es-
sentially tubular) tower to the shell of the tower in a section
of the tower perpendicular to its longitudinal tubular ex-
tension. That means that the locking direction is either
towards that centre point or away from it and that the
unlocking direction is exactly opposite. For instance, the
raising device may comprise three holding members
aligned at equal distances along an outer or inner cir-
cumference of a tower to which they are to be connected.
For that purpose each of the holding members can be
connected at a predefined position to a holding beam at
essentially one end of the holding beam whereas the
other end of the holding beam is connected to the corre-
sponding ends of the other holding beams. Therefrom
results a kind of star-like structure of three holding beams.
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[0043] Furthermore, the holding members are auto-
matically tiltable and/or shiftable into their locking position
by means of a movement mechanism. That implies that
upon activating the movement mechanism the holding
members are automatically tilted and/or shifted from the
open position into the locking position or vice versa. Au-
tomatically tilting or shifting preferably implies a purely
mechanical movement rather than one induced by man-
ual effort and/or motor power transmission and/or hy-
draulic / pneumatic power transmission. However, a sup-
port by a motor or a hydraulic system is principally fea-
sible. It is particularly peferred that the movement mech-
anism connects the holding members to the connection
member of the raising device so that a particular move-
ment of the connection member automatically produces
the tilting and/or shifting movement of the holding mem-
bers unless such movement is intentionally blocked.
[0044] The term "holding member" refers to such a me-
chanical holding device that is movable in and/or against
the locking direction. In addition, the raising device may
also comprise other, non-movable members with a hold-
ing function and design which may for instance be used
as a counterpart of a holding member. For instance, one
such non-movable member may engage with the coun-
ter-shape of the tower at a first position, for instance by
transferring the non-movable member below the counter-
shape by means of form fit, i.e. by positioning the com-
plete raising device with respect to the tower such that
the non-movable member is engaged with the counter-
shape. Then, in order to make sure that the raising device
is stably connected to the tower, the holding members
are moved into their locking positions at a second position
(which functions as a counter position to the first position)
so that the holding members in their locking positions
together with the non-movable members provide a firm
hold of the tower.
[0045] Preferably, at least one holding member, most
preferred each holding member, comprises a claw (which
can also be considered to be a gripper). Such claw can
engage with the counter-shape of the tower, for instance
by going partially underneath and/or around the counter-
shape. For instance, which is preferred, the counter-
shape of the tower comprises an inner or outer connec-
tion flange to another tower and/or towards the nacelle
parts of the wind turbine. A claw can thus be tilted or
shifted underneath the connection flange and hold it with
ease.
[0046] As has been outlined before, the raising device
may comprise three holding members. However, it is
principally possible that it only comprises two holding
members. It has been found particularly advantageous
that the number of holding members is an even number
and that the holding members are arranged in pairs of
corresponding holding members. In this context, it is pre-
ferred that at least two corresponding holding members
are aligned along a straight line. This line is preferably a
radial line. In particular, these corresponding holding
members can be realized and positioned and aligned

such that their locking directions are counter directions.
For instance, if the locking direction of a first holding
member is towards the centre point of the tower section
and the second, corresponding, holding member is po-
sitioned at the opposite side of the centre point of the
tower (with respect to the first holding member) and its
locking direction is also towards the centre point of the
tower. Therefore, the second holding member’s locking
direction is the counter direction of the first holding mem-
ber’s locking direction. The tower is then held in between
the two corresponding holding members which exert a
holding force towards the inner side of the tower. In con-
trast, both corresponding holding members can also be
orientated in the opposite locking directions, i.e. facing
away from the centre point of the tower, in which case
they exert a holding force towards the outside of the tow-
er. The first such described embodiment is particularly
useful if an outside flange is used as the counter-shape
of the tower, whereas the second such described em-
bodiment is particularly useful if an inside flange is used
as the counter-shape of the tower.
[0047] In an embodiment with two corresponding hold-
ing members, it is particularly preferred that these are
connected to one common holding beam. The (preferably
straight) beam thus serves as a holding structure for the
two corresponding holding members and constitutes the
straight line along which the holding members are both
aligned.
[0048] As for smaller and/or lighter towers, it has been
found by the inventors that the use of two holding mem-
bers can be sufficient, but three holding members already
increase the stability of the connection between the tower
and the raising device considerably. In particular, it has
proven most advantageous to use four holding members
because this provides for a very high stability whereas
more than four holding members do not substantially add
stability. In the context of four holding members, the use
of corresponding (pairs of) holding members as outlined
above is very advantageous: It is thus preferred that the
raising device comprises (at least) two pairs of corre-
sponding holding members.
[0049] In this context, a preferred embodiment of the
raising device is characterized by a first pair of corre-
sponding holding members being connected to a first
common holding beam and a second pair of correspond-
ing holding members being connected to a second com-
mon holding beam. This second holding beam is prefer-
ably realized as a cross-beam of the first holding beam,
whereby it is particularly preferred that the cross-beam
is orientated essentially perpendicularly to the first hold-
ing beam, which makes the construction of the raising
device particularly stable. This further makes possible
that the raising device can be positioned such that the
point where the first holding beam and the second holding
beam are interconnected can essentially be positioned
at the above-mentioned centre point of the tower and that
from this centre point the holding members can be ar-
ranged essentially equidistantly along the (inner or outer)
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circumference of the tower.
[0050] This embodiment can be further enhanced by
interconnecting the first holding beam and the second
holding beam by a number of diagonal connections such
as interconnecting beams, ropes or the like. Such diag-
onal (inter)connections can further stabilize the raising
device so that is can carry even larger loads without the
danger of getting twisted or worn.
[0051] It is possible to only temporarily position the
holding members at their predefined positions, i.e. at their
predefined distances from each other. That means that
the predefined distance can be varied depending on the
kind (and width, i.e. in the case of a round tower its di-
ameter and radius) of the tower to be raised. It is preferred
that the holding members are fixedly installed, i.e. per-
manently fixed at the predefined distance. This is in par-
ticular so if complete towers are to be raised as one by
the raising device because then the same width of the
tower (segment) always applies for wind turbines of the
same make of wind turbine: such tower must always carry
a nacelle of a particular size, which depends on the nom-
inal power output of the wind turbine. That width currently
varies between about 3000mm and 4500mm. More spe-
cifically, currently a 3,6 MW wind turbine of the applicant
has a width of 3128mm and a 6 MW wind turbine a width
of 4145mm. A change of position of the holding members
is not necessary in case one decides to always raise
towers of the same make of wind turbines so that instead
a more stable, namely fixed, position of the holding mem-
bers is possible and highly preferred.
[0052] In this context it may be noted that also the ori-
entation of the holding members, i.e. their designated
locking direction could be changed (for instance to be
able to engage both with inner and outer flanges of tow-
ers), but again, in particular in the above-mentioned con-
text of complete towers to be raised, it is preferred that
the holding members are fixed also with respect to their
orientation.
[0053] According to a preferred embodiment, the hold-
ing members are mechanically interconnected via the
movement mechanism with the connection member via
a number of hinges such that upon pulling the connection
member upwards, the holding members automatically tilt
and/or shift into the locking position unless blocked. This
means that there is a mechanical tilting connection be-
tween the connection member and the holding members:
Once the raising device has been brought into a particular
position - designated for initiating the engagement of the
holding members with their counter-shape(s) - the raising
device only has to be pulled upwards via the connection
member and automatically the holding members get into
their locking positions. This highly automatized mecha-
nism provides for a safe and very easy locking procedure
which thus saves time, effort and expenditure.
[0054] As outlined before, it is advantageous if the
holding members are realized, i.e. sized, mechanically
designed and located, to engage with an upper (inner
and/or outer) flange of the tower along its (inner and/or

outer) circumference. This upper flange thus comprises
(preferably constitutes) the counter-shape for the holding
members. Such flanges have proven to be stable enough
to withstand all raising forces, which means they can
clearly carry the complete weight even of a complete tow-
er. Such also applies for towers of today’s sizes and
weights, e.g. for 90 metre high steel towers weighing
about 300 tons.
[0055] For safety reasons it is preferred that the raising
device further comprises a blocking mechanism realized
to block a movement of the holding members into and/or
out of the locking position. That means that once the
blocking mechanism is activated, the holding members
will essentially remain in their open or locked position. If
the holding members are thus in their locking position
they cannot be unlocked until the blocking mechanism
is deactivated. This prevents the raising device from sud-
den failure of the locking function of the holding members,
for instance due to weather conditions or other negative
impacts on the tower in a raised position. Thus, the block-
ing mechanism is a means of how to effectively prevent
the tower from uncontrolledly falling down while being
raised by means of the raising device.
[0056] In particular, such blocking mechanism can
comprise a pin which engages with a recess of a movable
element of the raising device (i.e. in particular of the
movement mechanism) which movable element is con-
nected to at least one of, preferably all of the holding
members in order to block a movement of that / the hold-
ing member(s). The pin can easily be inserted manually
into the recess once the holding member(s) has / have
reached a desired position. The same way, the pin can
be extracted from the recess once a different position
(and thus a change of position) of the holding member(s)
is desired.
[0057] The raising device may also comprise a cover
realized to cover an open part of the tower, i.e. an upper
opening of the tower facing upwards when the tower is
positioned in the designated position of assembly in
which a nacelle can be placed on the top of the tower.
Such cover can serve to shield the inside of the tower
from influences from above, in particular rain or snow.
The cover can be losely connected to the raising device,
for instance when the cover is installed on the tower. In
such case, the cover can be installed on the tower first
and then the raising device can be connected to both the
tower and the cover. Alternatively, the cover and the rais-
ing device can be assembled (i.e. interconnected) and
then connected to the tower together.
[0058] In this context, it is particularly preferred that
the cover comprises at least one opening realized as a
service opening for staff and/or as a through-hole for at
least one of the holding members. A service opening, for
instance a hatch which can be closed by a cover when
no staff wants to pass can permit staff from the inner side
of the tower to the outside on top of the tower (or reverse),
for instance in order to permit assembly work in these
locations. A through-hole is preferably sized such that it
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permits the passage of the corresponding holding mem-
ber. It may be sized and realized such that it is essentially
in contact with the holding member (or a connection of
the holding member to other parts of the raising device)
so that essentially no rain or snow can pass through the
through-hole. It may also be sized slightly larger to permit
easier passage of the holding member (or a connection
of the holding member to other parts of the raising de-
vice).
[0059] Other objects and features of the present inven-
tion will become apparent from the following detailed de-
scriptions considered in conjunction with the accompa-
nying drawings. It is to be understood, however, that the
drawings are designed solely for the purposes of illustra-
tion and not as a definition of the limits of the invention.
They are not necessarily drawn to scale.

Fig. 1 shows a perspective view of a strake set ac-
cording to an embodiment of the invention,

Fig. 2 shows a perspective view of a wind turbine
tower according to an emobodiment of the invention,

Fig. 3 shows a side view of the same wind turbine
tower as in Fig. 2,

Fig. 4 shows a diagramme of calculated lift forces
on a tower according to the state of the art under
different wind speed conditions,

Fig. 5 shows a simulation result of vortex shedding
behaviour of the same tower as referred to in Fig. 4,

Fig. 6 shows a diagramme of calculated lift forces
on a tower according to an embodiment of the inven-
tion under the same wind speed conditions as re-
ferred to in Fig. 4,

Fig. 7 shows a simulation result of vortex shedding
behaviour of the same tower as referred to in Fig. 6,

Fig. 8 shows a perspective view of a raising device
according to a preferred embodiment,

Fig. 9 shows a first side view of the same raising
device placed on top of a tower in a locked position,

Fig. 10 shows a second side of the same raising
device without the tower,

Fig. 11 shows a detailed view of a detail from Fig. 9,

Fig. 12 shows perspective sectional view of a further
detail of the same raising device,

Fig. 13 shows a top view of the same raising device
equipped with a cover,

Fig. 14 shows a perspective view of the same raising
device with the cover placed on top of a tower.

[0060] Fig. 1 shows an embodiment of a strake set 103
according to the invention. It comprises three detachable
strakes 101, two of which are shown here. All detachable
strakes 101 are of the same make, i.e. identical. Each of
the detachable strakes comprises a rope 105 of a ultra
high molecular weight polyethylene fibre material. The
ropes 105 are both encompassed along parts of their
longitudinal extensions L1 by a covering structure 109.
The ropes 105 project from the covering structure 109 at
either side of the longitudinal extensions L1 reaching from
an upper end US to a lower end LS. In a designated
position (cf. Figs. 2 and 3) the strakes 101 are connected
to the tower of a wind turbine such that the upper end
US faces essentially vertically upwards and the lower
end LS faces essentially vertically downwards when to
wind turbine tower is positioned in an upright position.
[0061] At either longitudinal ends US, LS the covering
structures 109 are equipped with an end piece 106
through which the ropes 105 are led via openings in the
end piece 106. At the lower ends LS there is also attached
a (circular) end stop 108, here a metal end stop, with a
diameter of 100mm and a thickness of 10mm, which end
stop 108 prevents the covering structures 109 from un-
controlledly slipping down along the ropes 105 when the
detachable strake 101 is suspended.
[0062] The shape of the end pieces 106 represents the
cross-sectional shapes S of the covering structures 109
all along the longitudinal extensions L1. They are trian-
gular shapes S defined by three planes P1, P2, P3 (rep-
resented here by lines P1, P2, P3) which are intercon-
nected via three angles α1, α2, α3. Thereby the planes
P1, P2, P3 have the same extension, namely 300mms,
and the three angles α1, α2, α3 all have the same value,
namely 60°. The triangular shape S thus constitutes an
equal-sided triangle.
[0063] Each of the covering structures 109 comprises
five structure sections 109a, 109b, 109c, 109d, 109e hav-
ing a longitudinal extension each of 1020mm. More struc-
ture sections may be added if necessary to increase the
length of coverage of the ropes 105, for instance if the
strakes 101 are to be attached to higher towers.
[0064] The structure sections 109a, 109b, 109c, 109d,
109e are assembled adjacent to each other but may also
be separated from each other, for instance to extend the
overall extension of the covering structure over a wider
area of the rope 105. The division of the covering struc-
ture 109 into structure sections 109a, 109b, 109c, 109d,
109e makes it easier to transport and store the strakes
101 when they are detached from a wind turbine tower.
The structure sections 109a, 109b, 109c, 109d, 109e and
thus the covering structure 109 are comprised of a flexible
film material comprising polystyrene.
[0065] At the upper ends US of the ropes 105 there
are connected detachable connection interfaces 107 re-
alized as thimbles 107 of the ropes 105. By these con-
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nection interfaces 107 the strakes 101 can be connected
to a top of a tower of a wind turbine
[0066] Such tower 111 of a wind turbine 100 is shown
in Figs. 2 and 3. The three strakes 101 (all of which are
shown in these two depictions) of the strake set 103 are
detachably connected to the top T of the tower 111, from
where the go along the outer surface of the tower 111
towards the bottom B of the tower 111. Fig. 3 shows the
overall longitudinal extension L2 of the tower 111 from
the top T to the bottom B. At the top T a nacelle (not
shown) of the wind turbine 100 can be attached when
the tower 111 is installed at its bottom B on a designated
foundation (not shown). The covering structures 109 of
the strakes 101 only reach downwards at a length L3 of
the tower 111, namely along about a third of its total lon-
gitudinal extension L2. The ropes 105 (not depicted in
Figs. 2 and 3) extend further down to the bottom B of the
tower 111 where they are affixed to the tower 111 at its
outside surface.
[0067] The strakes are assembled around the circum-
ference of the tower 111 equidistantly, i.e. at the same
angles of 120° from each other with reference to the tu-
bular cross-section of the tower 111. They wind around
the outer surface of the tower 111 in a helical shape so
as to catch the wind, in particular in the upper region of
the tower 111 where the covering structures 109 of the
strakes 101 catch the wind to lead it further away from
the tower 111 and thus to avoid vortex induced vibrations.
[0068] In this exemplary embodiment, the tower 111
has a diameter of 3000mm at its top T. The pitch of the
helical shape (i.e. the helicity) of the strakes 101 is five
times that diameter. The strakes 101 project from the
outer surface of the tower 111 about 260mm, i.e. essen-
tialy about 10% of the diameter of the tower 111.
[0069] Figs. 4 to 7 can serve to explain the effect of
such strakes 101. Figs. 4 and 5 show representative sim-
ulation results of the forces and airflow on a prior art tower
111’ of a wind turbine. Figs. 6 and 7 in contrast show
representative simulation results of the forces and airflow
on a tower 111 of a wind turbine equipped with a strake
set 103 according to an embodiment of the invention.
[0070] Figs. 4 and 6 show a diagrammes of calculated
(i.e. simulated) lift forces F on the towers 111’, 111 over
a time t under different wind speed conditions Vw, namely
winds coming from a defined side at speeds of 24m/s,
27,2 m/s and 30 m/s. It can be observed that these lift
forces F vary enormously in Fig. 4, i.e. show strong os-
cillations, whereas the lift forces F are all nearly constant
in Fig. 6. Oscillations in lift forces F induce vibrations,
namely vortex induced vibrations.
[0071] This can be explained when referring to Figs. 5
and 7 depicting the vortex shedding 113’, 113 of a prior
art tower 111’ (Fig. 5) in comparison with that of a tower
111 according to an embodiment of the invention (Fig.
7). The first vortex shedding (Fig. 5) is firstly substantially
longer than the second one (Fig. 7) and also much nar-
rower, situated right at the back of the tower 111’ (seen
from the wind direction) so that the lift forces F have a

much stronger impact on the tower 111’ than on the tower
111 where they are wider due to the strakes 101 of the
strake set 103. The strakes 101 have the effect of leading
a substantial part of the wind to the side of the tower 111
(seen from the wind direction) rather than directly behind
it. This is irrespective of where the wind comes from as
the strakes 101 are alinged around the tower 111 to es-
sentially form the same surface of the tower 111 com-
bined with the strakes 101.
[0072] Figs. 8 to 14 show explanatory depictions of a
raising device which can be used together with a strake
set according to the invention to form a transport assem-
bly according to an embodiment of the invention.
[0073] Fig. 8 shows a raising device 1 for raising a tow-
er section (not shown) of a wind turbine. The raising de-
vice 1 comprises a connection member 3 realized as an
eye 3 which is attached via a first hinge 5 to four connec-
tion shapes 28. To these connection shapes 28 there is
each hingedly attached via a second hinge 9 a connection
beam 27. The connection beams 27 are thus connected
essentially at their first end via the second hinges 9 to
the connection shapes 28 and at their second ends to
third hinges 11 to holding members 19a, 19b, 19c, 19d
(the two latter being obscured in the figure due to the
perspective view) realized as claws 19a, 19b, 19c, 19d.
The holding members 19a, 19b, 19c, 19d are realized as
two pairs of corresponding holding members 19a, 19b,
19c, 19d, namely a first pair of corresponding holding
members 19c, 19d is aligned along a first holding beam
21a and a second pair of corresponding holding mem-
bers 19a, 19b is aligned along a second holding beam
21b.
[0074] The raising device 1 thus further comprises a
first holding beam 21a and a second holding beam 21b
which is a perpendicularly positioned cross-beam to the
first holding beam 21a. These two holding beams 21a,
21b are directly interconnected at the centre C of the
raising device 1 and indirectly by diagonal connections
23 at about the middle of the distance of each holding
beam 21a, 21b from the centre C of the raising device 1
to the end of the respective holding beam 21a, 21b. At
these ends of the holding beams 21a, 21b fourth hinges
13 are positioned which connect each of the holding
beams with one of the claws 19a, 19b, 19c, 19d.
[0075] From the centre C of the raising device 1 at
which the two holding beams 21a, 21b are interconnect-
ed directly, an upward-facing beam 30 is also connected
to the two holding beams 21a, 21b (directly or indirectly).
That beam 30 is hollow and essentially extends up to the
connection shapes 28, but is not directly connected to
these. Inside the hollow beam 30 there is positioned an-
other guiding beam 7 which is connected to the connec-
tion shapes 28 and thus indirectly to the connection mem-
ber 3.
[0076] At either end of each of the holding beams 21a,
21b there are positioned legs 15 extending downwards
(i.e. away from the connection member 3) on which the
raising device 1 can rest stably if stored on ground. In
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addition, at all of these mentioned ends of the holding
beams 21a, 21b there is also an eye 17. The eyes 17
can be used to move and steer the raising device (and
a tower connected to it) in a circle, i.e. to orientate the
tower during a raising and transport processes and in
particular during assembly of the tower at a designated
operating site. Further, the raising device 1 comprises a
blocking mechanism 25 the function and details of which
will be explained with reference to Figs. 11 and 12.
[0077] When the raising device 1 is raised by a raising
machine such as a crane, it is connected to that raising
machine via the connection member 3 which is thus
raised in an upward direction U. Reversely, when the
raising device 1 is lowered to the ground, it is lowered in
a downward direction D until the connection member 3
goes downwards into the position shown in Fig. 8. At the
same time, due to the movement mechanism of the rais-
ing device 1, the raising force while raising the raising
device 1 in the upward direction is transferred via the four
hinges 5, 9, 11, 13 into a moving force which tilts each
of the holding members 19a, 19b, 19c, 19d in a locking
direction L, i.e. out of the open position depicted in Fig.
8 into a locking position. Reversely, when no raising force
is applied to the raising device 1 any more, i.e. when the
connection to the raising machine via the connection
member 3 is released or lose, the weight of the upper
parts of the raising device 1 is enough to move the holding
members 19a, 19b, 19c, 19d from the locking position in
an counter direction A to the locking direction L into the
open position again. Additionally, this movement in the
counter direction A may be supported by actors such as
springs (not shown).
[0078] In essence, this construction permits an auto-
matic tilting movement of the holding members 19a, 19b,
19c, 19d in both the locking direction L and the counter
direction A based on the force exerted on the connection
member 3. No manual or motor support of that movement
is necessary.
[0079] In this context, it can be stated that the term
"movement mechanism" refers to all those movable parts
of the raising device 1 which interconnect the connection
member 3 with the holding members 19a, 19b, 19c, 19d
serving to transfer the raising (and lowering) forces in-
flicted on the connection member 3 into forces for moving
the holding members 19a, 19b, 19c, 19d into or out of
the locking position, i.e. in the locking direction L or the
counter direction A.
[0080] Referring now to Fig. 9, which is a first side view
of the same raising device 1 installed on top of a tower
31 of a wind turbine 100. The raising device 1 is thereby
in a locked position, i.e. the holding members 19a, 19b,
19c, 19d have been moved completely in the locking di-
rection L. Therefore they engage with an inwards pro-
truding part (not shown) of an inner flange 29 of the tower
31 which inner flange 29 is comprised of the top element
of the tower 31 which can be seen in Fig. 9 and of the
inwards protruding part which cannot be seen. As the
holding members 19a, 19b, 19c, 19d are all orientated

with their locking directions towards the inner surface of
the tower 31, their lower part has been tilted below the
inner flange 29 so that the holding members 19a, 19b,
19c, 19d facing into four directions and all orientated in
a 90° angle to the next holding member hold the inwards
protruding part of the inner flange 29 firmly from under-
neath. In this arrangement, the feet 15 are positioned
outside of the tower 31.
[0081] Fig. 10 shows the same raising device 1 in a
second side view which is perpendicular to the side view
of Fig. 9. It can be seen here that along the first holding
beam 21a (and the same applies with respect to the sec-
ond holding beam 21b and all the elements connected
with it) the holding members 19a, 19b, 19c, 19d are po-
sitioned fixedly via their fourth hinges 13 to the first hold-
ing beam 21a along a predefined distance d. The locking
direction L1 of the holding member 19d at the right hand
side is orientated away from the centre C of the raising
device 1 further to the right whereas the locking direction
L2 of the holding member 19c at the left hand side faces
exactly in the opposite direction.
[0082] Further, it can be seen in Fig. 10 that to each
of the holding members 19a, 19b, 19c, 19d there is con-
nected a connection eye 33 projecting towards the centre
C of the raising device 1. These connection eyes 33 can
be used to connect to a cover which will be explained
with reference to Figs. 13 and 14.
[0083] Figs. 11 and 12 serve to explain the blocking
mechanism 25 in more detail. The blocking mechanism
25 comprises an inlet shell 35 for a pin 37 through which
the pin 37 can be led inside the beam 30 (obscured in
this figure due to the perspective). A handle 39 is con-
nected to the pin 37 in order to facilitate manual (or motor-
driven) movement of the pin 37 into the beam 30 and out
again. At the lower end of the handle 39 two catch bolts
41a, 41b are positioned which are realized to firmly hold
the handle 39 in a desired first, open, position (corre-
sponding to the left catch bolt 41a) and in a desired sec-
ond, blocked, position (corresponding to the right catch
bolt 41b). Thus, the catch bolts 41a, 41b serve to fix the
handle 39 in one of these two positions to prevent it from
moving undesiredly.
[0084] Fig. 12 shows a section view of the beam 30
with its inner guiding beam 7. In order for the pin 37 to
block the movement of the movement mechanism, the
guiding beam 7 comprises two recesses 26 along its lon-
gitudinal extension (i.e. the upward direction U and the
downward direction D) one of which is depicted in Fig.
12. At two given predefined positions of the guiding beam
7 corresponding with the locking position and the open
position of the holding members 19a, 19b, 19c, 19d the
pin 37 can thus be inserted into the recesses 26 of the
guiding beam 7 thus blocking the guiding beam 7 in its
position and further blocking any movement of the move-
ment mechanism.
[0085] Turning to Figs. 13 and 14, this shows the same
raising device 1 which is further equipped with a cover
43. The cover 43 is connected to the raising device via
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1 the connection eyes 33 (cf. Fig. 10) and serves to shield
the inner side of the tower 31 from the ambient environ-
ment, in particular from rain or snow. The cover 43 com-
prises a first opening 47 realized as a service hatch 47
through which staff can climb in order to get from the
inside of the tower 31 to the upper side of the cover 43
or reverse. Moreover, the cover 43 comprises four
through-openings 45 through which the holding mem-
bers 19a, 19b, 19c, 19d are inserted.
[0086] Although the present invention has been dis-
closed in the form of preferred embodiments and varia-
tions thereon, it will be understood that numerous addi-
tional modifications and variations could be made thereto
without departing from the scope of the invention.
[0087] For the sake of clarity, it is to be understood that
the use of ’a’ or ’an’ throughout this application does not
exclude a plurality, and ’comprising’ does not exclude
other steps or elements.

Claims

1. Method of transporting a tower (31, 111) of a wind
turbine (100) in an upright position to an assembly
site of the wind turbine (100), whereby the tower (31,
111) is equipped with a strake set (103) comprising
a number of strakes (101) positioned to lead from a
top (T) of the tower (31, 111) in the upright position
down towards a bottom (B) of the tower (31, 111),
at least one of the strakes (101) being realized as a
detachable strake (101).

2. Method according to claim 1, whereby the number
of strakes (101) is at least two, preferably three.

3. Method according to claim 1 or 2, whereby the
strakes (101) are aligned along the circumference
of the tower (31, 111) at essentially equal angles.

4. Strake set (103) of a tower (31, 111) of a wind turbine
(100) for transport in an upright position to an as-
sembly site of the wind turbine (100), the strake set
(103) comprising a number of strakes (101), whereby
at least one of the strakes (101) is realized as a de-
tachable strake (101).

5. Strake set according to claim 4, whereby the strake
(101) comprises a rope (107).

6. Strake set according to claim 5, whereby the strake
(101) comprises a rope (107) which is covered at
least along a substantial part of its longitudinal ex-
tension (L1) with a covering structure (109) which is
realized to substantially increase the wind resistance
of the strake (101).

7. Strake set according to claim 6, whereby the rope
(107) is covered with the covering structure (109)

along at least a quarter, preferably at least a third of
a longitudinal extension (L2) of the tower (31, 111)
beginning essentially at the top (T) of the tower (31,
111) extending down towards its bottom (B).

8. Strake set according to claim 6 or 7, whereby the
covering structure (109) has a cross-sectional shape
(S) with reference to the longitudinal extension (L1)
of the strake (101) which shape (S) comprises a ge-
ometrical figure with at least three angles (α1, α2,
α3), preferably exactly three angles (α1, α2, α3).

9. Strake set according to claim 8, whereby the geo-
metrical shape (S) comprises a number of planes
(P1, P2, P3) interconnecting the angles (α1, α2, α3),
which planes (P1, P2, P3) preferably have essentially
the same extension in the cross-section.

10. Strake set according to claims 8 or 9, whereby the
covering structure (109) is assembled about the rope
(107) over a mechanical reinforcement structure
which reinforcement structure is realized to establish
the geometrical shape (S).

11. Strake set according to any one of claims 7 to 10,
whereby the covering structure (109) is realized to
encompass the rope (107).

12. Strake set according to any one of claims 4 to 11,
whereby the covering structure (109) comprises a
flexible film material, preferably comprising polysty-
rene.

13. Strake set according to any one of claims 4 to 12,
whereby the rope (107) comprises a fibre material,
preferably comprising a material of ultra high molec-
ular weight polyethylene.

14. Wind turbine tower (31, 111) equipped with a strake
set (103) according to any one of claims 4 to 13.

15. Transport assembly for transporting a tower (31,
111) of a wind turbine (100) in an upright position to
an assembly site of the wind turbine (100), compris-
ing a mechanical raising device (1) realized to be
connected to the top (T) of the tower (31, 111) with
reference to the upright position and a strake set
(103) according to any one of claims 4 to 13.
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